There is a strong correlation between age, genomic instability, and the development of cancer. Working in yeast, Veatch et al. (2009) now propose that defects in the biogenesis of iron-sulfur clusters arising as a consequence of mitochondrial dysfunction contribute to the increase in genomic instability as cells age.
Neurons that produce the neuropeptides NPY and AgRP (NPY/AgRP neurons) in the arcuate nucleus of the hypothalamus also secrete the inhibitory neurotransmitter GABA (Horvath et al., 1997 ). An interaction between NPY and GABA in the hypothalamus plays a role in the regulation of feeding behavior in rodents (Pu et al., 1999) . In addition, the selective ablation of NPY/AgRP neurons in adult mice induces a rapid decrease in food intake (Gropp et al., 2005; Luquet et al., 2005) , leading to starvation (Luquet et al., 2005) . Intriguingly, the selective ablation of these neurons also has an effect on their postsynaptic targets outside of the hypothalamus (Wu et al., 2008) . In this issue of Cell, Wu et al. (2009) further explore the role of the GABAergic outputs of NPY/AgRP neurons in an elegantly designed and executed study in mice. They provide compelling evidence that feeding behavior in mice is regulated by GABAergic input from NPY/AgRP neurons to the parabrachial nucleus.
The parabrachial nucleus is located in the dorsolateral part of the pons (a region of the brainstem) ( Figure 1A ) and is a relay center for signals from the nucleus tractus solitarius to the forebrain. These autonomic afferent connections to the parabrachial nucleus are responsible for regulating sensory stimuli, including those related to taste and gastric distension (stimuli that modulate feeding behavior). Wu et al. now demonstrate that GABAergic signaling from the NPY/AgRP neurons to the parabrachial nucleus plays a major role in regulating feeding behavior (Figure 1A) . The authors observe that in adult mice lacking NPY/AgRP neurons, pharmacological stimulation of GABA A receptors in the parabrachial nucleus by local injection of bretazenil, a partial GABA A receptor agonist, is sufficient to maintain feeding and survival. This strongly supports a vital role for GABAergic signaling in the parabrachial nucleus in the regulation of feeding. Wu and colleagues further corroborate these findings by examining the effects of either infusing a GABA antagonist directly into the parabrachial nucleus or selectively ablating NPY/ AgRP inputs to this area. Both experiments induce a progressive decrease in feeding (anorexia) in mice, indicating that GABAergic inputs from arcuate nucleus NPY/AgRP neurons to the parabrachial nucleus are required to maintain a critical level of appetite stimulus (orexigenic tone).
These observations also represent a potential shift away from current explanations of energy metabolism regulation. Prior to this work, it had been thought that NPY/AgRP neurons regulated energy metabolism primarily through the proopiomelanocortin neurons, also found in the arcuate nucleus ( Figure 1B) . Wu et al. show that the regulation of feeding through the neural circuit involving the parabrachial nucleus is likely independent of the pro-opiomelanocortin neurons.
In addition to the parabrachial nucleus, Wu and colleagues find that another brain region called the lateral septum is also important, albeit to a lesser extent, in the induction of anorexia stemming from the loss of GABAergic inputs from the NPY/AgRP neurons. Pharmacological manipulation of GABA A neurotransmission in the lateral septum produces a partial effect on feeding in mice lacking NPY/AgRP neurons. The lateral septum is located in the ventral forebrain, which receives excitatory inputs from the hippocampal formations and the cortex. Like the parabrachial nucleus, the lateral septum also receives a complex network of GABAergic inputs from the hypothalamus, the amygdala, and other areas of the brain that are essential for initiating behavioral responses associated with the limbic system. Thus, both the parabrachial nucleus and lateral septum are positioned to play critical roles in the regulation of complex behaviors associated with higher brain functions. Wu and colleagues propose that the NPY/AgRP neurons of the arcuate nucleus are master regulators of these brain regions and, hence, of complex behaviors. Inferences from their data point to the biological truism that the primary driving force for the emergence of complex organisms and their increasingly sophisticated behaviors is the need to more efficiently acquire resources-primarily energy-from the environment. From this perspective, dual roles for NPY/AgRP neurons in the modulation of energy metabolism and the coordination of higher brain functions seem logical.
Another striking observation of the Wu et al. study is that pharmacological GABA stimulation of adult mice for 10 days after the ablation of NPY/ AgRP neurons is sufficient to ensure food intake and survival even after withdrawal of the pharmacological treatment. These results suggest that important adaptive mechanisms are initiated after ablation of the NPY/AgRP neurons. In the arcuate nucleus of the hypothalamus, neurons that produce the neuropeptides NPY and AgRP play a vital role in the maintenance of energy homeostasis. In this issue, Wu et al. (2009) show that these neurons modulate feeding behavior in mice by providing GABAergic input to the parabrachial nucleus in the brainstem.
GABA Keeps Up an Appetite for Life
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One intriguing hypothesis for an adaptive mechanism is that the pharmacological stimulation of GABAergic synapses following ablation of NPY/AgRP cells triggers a rewiring of the circuitry in the parabrachial nucleus and lateral septum. This remodeling of neural circuitry then counteracts the loss of GABAergic inputs from the NPY/AgRP neurons. There are reports of neural circuit plasticity triggered by metabolic hormones or manipulation of brain circuits in the hypothalamus (Pinto et al., 2004) , the hippocampus (Diano et al., 2006) , and the ventral tegmental area of the midbrain (Abizaid et al., 2006) . Thus, a similar rearrangement of synaptic inputs to the parabrachial nucleus and lateral septum neurons, as suggested by the work of Wu et al., is likely. However, the precise time after ablation of NPY/AgRP neurons when the GABA agonist must be administered to avoid the anorexic response is unknown. There is also an alternate hypothesis for the adaptive response to GABAergic input. Activation of glial cells following ablation of the NPY/AgRP neurons could be responsible for rescuing feeding behavior. Glial cells are known to respond to insults to the brain through a mechanism termed reactive gliosis. These reactive cells produce a series of factors, including numerous cytokines, that can influence energy balance via the nervous system. The ablation of the NPY/AgRP neurons in the arcuate nucleus does cause glial cell activation in the parabrachial nucleus and lateral septum, but the authors did not examine the role of this activation in the anorexic response. Additionally, Wu et al. did not evaluate whether the partial GABA A receptor agonist plays a role in regulating glial cell activation. Notably, the selective ablation of NPY/ AgRP neurons in neonatal mice has no obvious effect on body weight and food intake (Luquet et al., 2005) . Similarly, the delayed degeneration of NPY/AgRP neurons during adulthood in mice does not produce any robust phenotypes in terms of energy metabolism . Together, these results suggest that there is a gradual adaptive response on the part of brain networks to replace the inhibition normally maintained by (2009) study shows that the GABAergic inputs from the NPY/ AgRP neurons to the PBN, which are necessary for maintaining feeding behavior, are independent of POMC neurons. (C) Ablation of NPY/AgRP neurons in the ARC results in the loss of GABAergic inhibitory inputs to target brain regions such as the PBN. One possible mechanistic explanation for the slow adaptive response that occurs after the loss of these neurons is that the ablation first leads to hyperstimulation of the target brain areas due to disinhibition of the activity of the postsynaptic target neurons, an increase in the excitatory inputs to the target cells, and an increase in the envelopment of the target neurons by reactive glia. After this early adaptation, synaptic plasticity allows for modification of the neural circuitry, resulting in the recruitment of new inhibitory inputs on the target cells to compensate for the loss of the GABAergic inputs from the NPY/AgRP neurons.
the GABAergic NPY/AgRP neurons (Figure 1C) . However, when the degeneration of these cells is rapid, perhaps no adaptive response can occur to promote survival, thus explaining why ablation of NPY/AgRP neurons in adult mice results in starvation. A thorough comprehension of the molecular, cellular, and morphological adaptations that take place during degeneration of the NPY/AgRP neurons of the arcuate nucleus will bring new insights not only to the regulation of energy metabolism but also to understanding the basic principles of how neural circuits are remodeled.
As humans approach middle age, the incidence of cancer grows exponentially with a lifetime risk of developing the disease of one in two for men and one in three for women (DePinho, 2000) . This increase may be partially explained by the lifetime accumulation of somatic mutations that lead to the inactivation of tumor suppressor genes and activation of oncogenes. However, the number of mutations found in cells from older individuals is higher than would be expected if mutations occur at a constant rate. In addition, the accumulation of spontaneous mutations alone cannot account for the large number of genomic alterations characteristic of cancers, including aneuploidy and other chromosomal aberrations. Instead, a plethora of studies suggest that one or more cellular events lead to a higher-than-normal rate of mutation, thereby increasing the probability of catastrophic genomic alterations. In this issue of Cell, Veatch et al. (2009) , postulate that damage or loss of mitochondrial DNA (mtDNA) in aging cells precipitates a cellular crisis characterized by a gradual reduction in growth rates, G1 cell cycle arrest, and decreased nuclear genome stability (Figure 1 ). These findings suggest that genomic instability arises from mitochondrial dysfunction and, more specifically, because of defects in the biogenesis of iron-sulfur (Fe-S) clusters.
Loss of heterozygosity (LOH) typically arises from defects in DNA repair mechanisms, from gross chromosomal rearrangements, or from errors in chromosome segregation. Thus, the frequency of LOH events may be interpreted as a measure of nuclear genomic stability. Using a colonysectoring method to measure LOH events as a function of daughter cell generation in baker's yeast (McMurray, and Gottschling, 2003) , Veatch et al. investigate the role of mitochondrial function in genome stability and identify an important mechanistic link between LOH and mitochondrial dysfunction. The authors find that daughter cells from aging mothers give rise to small colonies that are unable to respire (petites), primarily as a consequence of damage to or total loss of mtDNA. Interestingly, the overwhelming fraction of these petites also display a dramatically increased frequency of nuclear LOH. As the elimination of mtDNA from young cells, via genetic or pharmacological manipulation, also produces petite colonies with a higher frequency of nuclear LOH events, the authors further conclude that mitochondrial dysfunction that is associated with aging, rather than aging itself, leads to increased nuclear genomic instability.
